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TEAM PROPOSAL
The concept of employing ground swarm robotics to 
accomplish tasks in the future is not a new one.  Some 
suggested applications mentioned in the literature include 
humanitarian de-mining, plume monitoring, search for 
survivors in a disaster site, etc.  More importantly in the 
military context and with the development of advanced 
explosive detectors, swarm robotics with autonomous 
search and detection capability could potentially address the 
IED problem faced by foot patrols, and aid in the search for 
hidden ammunition caches and weapons of mass 
destruction.  
The origins of the idea of robot swarms can be traced 
back to nature, where ant and termite colonies have 
demonstrated the ability to accomplish complex tasks by 
following simple sets of rules.  Swarm robots are envisaged 
to be small, autonomous platforms that individually are 
incapable but collectively and cooperatively are able to 
produce an emergent behavior that allow them to fulfill a 
mission.  These robots have the characteristic of being 
simplistic and low cost, so that they could be manufactured 
and deployed in mass without being overly concerned 
about their survivability.  
The intent of this working group was to leverage on 
agent-based simulation (MANA) and data farming to model 
a ground robotic swarm on a search and detection mission 
and its technical aspects, and attempt to identify factors 
such as speed of robot, detector capability etc, that will 
contribute most to its effectiveness.  The scenario of interest 
is to deploy the swarm in a semi-urban environment to 
search and detect stationary targets (IEDs are modeled as 
the type of target).  
The working group looked into expanding the design of 
experiment to gain more insights on quadratic effects and 
interactions as a follow up from previous findings.  In 
addition, the modeling of factors such as attrition of robots 
and tactics, techniques and procedures (TTPs) was 
incorporated to investigate the impact of these factors on the 
effectiveness of the swarm.  The validity of the attempt to 
use agent based simulation, particularly MANA, to model 
swarm robotics was discussed.  The focus of this working 
group was to explore agent based simulation applied to 
swarm robotics.  The technological and algorithmic aspects 
was not be delved into.
Background
In the future, it is possible that ground swarm robotics with 
autonomous search and detection capability could aid in the 
search for IEDs, hidden ammunition caches and weapons of 
mass destruction.  Swarm robots are envisaged to be small, 
autonomous platforms that individually are incapable but 
collectively and cooperatively are able to produce an 
emergent behavior that allow them to fulfill a mission.  
Objectives
The intent of this working group is to leverage agent-based 
simulation (MANA) and data farming to follow up with 
some findings obtained prior to the workshop.  The working 
group expanded the design of experiment (DOE) from 
previous research2 so as to gain more insights and fidelity on 
quadratic effects and interactions.  In addition, swarm 
robots getting trapped by terrain hazards while moving 
within the area of operations are modeled.  General insights 
on the impact of such hazardous terrain on swarm 
robustness and effectiveness are obtained.
DESIGN OF EXPERIMENT AND 
SUMMARY OF RESULTS
Scenario 1
A foot patrol suspects that an area is rigged with IEDs and 
sends in swarm robots to clear a 50m x 50m area in 30 
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1 For more information contact: Terence Ho, xterencex9@yahoo.com.sg, +65-91764203, Singapore
2 NPS Thesis by Terence Ho
minutes or less.  An unmapped environment is planted with 
10 IEDs out of 30 candidate positions.  The robots in this 
scenario are “virtual pheromones-capable”.  They navigate 
autonomously, perform their search-and-detect mission, and 
report back to their commander when detections are made.  
Previously, an 8 to 11 factor Near-Orthogonal Latin 
Hypercube (NOLH) was used for the 11 factor experiment.  
Team 5 expanded the DOE by using a 12 to 16 factor NOLH 
and performed 30 replications on 65 design points, resulting 
in 1950 runs.  The MOEs capture both the time taken to 
accomplish the mission as well as the number of IEDs 
detected within the 30min mission time, and are as follows.  
It should be noted that there will be correlation between the 
MOEs.
• MOE 1: Time to Accomplish Mission
• MOE 2: Mission Accomplishment or Failure (binary 
response)
• MOE 3: Number of IEDs with at least 3 unique 
detections
The factors of interest are summarized as follows.
Figure 1: Snapshot of scenario with 
virtual pheromone trails of swarm robots
Results and Analysis
The analysis is done using regressions, partition trees, 
contour plots, profilers and distribution plots.  The 
regression of time to accomplish mission (conditioned on 
mission accomplishment), shown below, is used to gain 
insights on significant main effects, interactions and 
quadratic effects.  
Figure 2:  Conditional regression of time to accomplish mission
Blocked in red are factors that explain a large part of the 
model obtained by stepwise regression.  The factors that 
show up as quadratic, i.e. number of robots, speed and 
pheromone sensor range are consistent with reasoning and 
previous findings.  Interaction terms tend to be more 
volatile, depending on the MOE that is regressed upon.   
Summary of Findings:
•Re-established main effects as 
being number of robots, speed 
and detector range
•Re-established existence of 
quadratic effect of number of 
robots, speed of robots and 
pheromone sensor range
•Interactions exist between 
Speed*Sensor Range, Sensor 
Range*Number of Robots, and Speed*Number of 
Robots, but interactions are “volatile” and are largely 
dependent on MOE selected. 
Scenario 2:  
Scenario 2 is similar to Scenario 1 except with the 
incorporation of hazards that have a size and a probability 
to trap robots during the simulation.  30 possible hazardous 
areas were added to the scenario and randomly selected at 
the start of each simulation.  The 14 factor DOE yields 65 
design points with 30 replications performed each.
Factors added to Scenario 2
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Table 1: Factors to be farmed over for Scenario 1
Results and Analysis
Figure 3: Mission Accomplishment deteriorates 
from 0.82 to 0.18 after hazards are introduced
It is clear that the existence of hazardous areas, which is 
to be expected in any area of operations, have an alarming 
impact on the ability of the swarm to accomplish its mission.  
It is important to identify how we can mitigate this and gain 
some insights on which factors are having the largest 
influence on the performance under such conditions.  A 
regression tree is used as shown in the next figure.
Figure 4: Regression tree of Number of IEDs detected
It can be seen that the factor that is causing the biggest 
difference to the ability to detect IEDs is the number of 
hazards.  An area of interest that has less than 15 hazards 
could almost double the number of IED detected when 
compared to an area with more than 15 hazards (4.09 vs 
7.88).  Going down the regression tree, it goes on to show 
that the number of robots as being the next most important 
factor, followed by how likely the swarm robot gets trapped 
by the hazard.
Summary of Findings:
• Introduction of hazards deteriorates swarm 
performance drastically; mission accomplishment 
probability drops from 0.82 to 0.18
• Number of hazards, number of robots and trap 
probability are the three most important factors in 
determining the ability of the swarm to detect IEDs in a 
hazardous area
• Further analyses (not shown in this report) show that 
poor performance in Scenario 2 is mainly attributed by 
insufficient speed, number of robots and number of 
hazards
LIMITATIONS
It is important to acknowledge that the findings here are 
only applicable to this particular modeled routine of how 
the swarm robots perform search and detection.  There are 
certainly many ways in which a robot swarm, e.g. 
communication ability with its neighbors could be used to 
enhance multiple unique detections of an IED detected by 
any robot.  It is also worthy to mention that the requirement 
of three unique detections is to impose a stringent criteria 
for the robot swarm to achieve.  Should the reliability of 
detectors be so high that only one detection is needed, then 
the insights gained are certainly the upper bound of what is 
required of the swarm robots.
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